This phase 2 study evaluated the safety and efficacy of perioperative chemotherapy with S-1 plus oxaliplatin (SOX) for stage III colorectal cancer (CRC). Patients with stage III CRC received surgery after neoadjuvant chemotherapy (NAC; SOX 4 cycles) and adjuvant chemotherapy (AC; SOX 4 cycles). The primary endpoints were response rate and safety. We enrolled 30 patients. Their median age was 62 years (range: 43-87 years); 53% were women. They received a median of 4 cycles (range: 1-4) of NAC and a median 4 cycles (range: 0-4) of AC. Five patients interrupted NAC treatment because of toxicity (grade 3 diarrhoea [n = 1], grade 3 ileus [n = 1], and grade 3-4 thrombocytopenia [n = 3]). Patients' responses were complete responses: n = 2 (6.6%), partial responses: n = 21 (70%), stable disease: n = 6 (20.0%), and progressive disease: n = 1 (3.3%; response rate: 73.3%). Curative resection was performed in 29 patients. No patients showed anastomotic leakage. Five-year overall survival and disease-free survival were 83.3% and 76.7%, respectively (median follow-up time: 48 months). NAC using SOX regimen is safe and effective, and may lead to reduced local recurrence and distant metastasis. Longterm outcomes are awaited to evaluate further the efficacy of this strategy (UMIN000006790).
Treatment compliance and toxicity of NAC and AC. Of the 30 patients enrolled in this study, 25 patients completed NAC. The patients received median 4 (1-4) cycles of NAC and median 4 (0-4) cycles of AC. Their total median dose of oxaliplatin was 635 (122-1040) mg/m 2 (NAC; 494 [122-520] mg/m 2 , AC; 230 [0-520] mg/m 2 ). Five patients interrupted NAC due to AEs (grade 3 diarrhoea [n = 1], grade 3 ileus [n = 1], grade 3-4 thrombocytopenia [n = 3]). AC was administered to 21 patients (17: SOX: n = 17, S-1 only: n = 4). Eight patients did not received AC.
AEs during NAC are shown in Table 2 . The most common AEs were thrombocytopenia (n = 16, 53%) and neutropenia (n = 11, 37%) for haematological events; and peripheral neuropathy (n = 25, 83%) and fatigue (n = 18, 60%) for non-haematological events. Two patients had grade 4 AEs (diarrhoea and thrombocytopenia).
Effect of chemotherapy.
The response rate to NAC in this study, according to RECIST ver.1.1, was 76.6% (complete response: 6.6%; partial response: 70.0%; stable disease: 20.0%; and progressive disease: 3.3%). The disease control rate was 96.7%. One patient who was not responsive was shown to have para-aortic lymph node (LN) metastasis on computed tomography (CT) after 4 cycles of SOX. The median tumour shrinkage rate was 33% (range: −42-100%) after NAC; 23 of the 30 patients achieved a > 30% reduction in tumour size. The waterfall plot ( Fig. 1) shows the rate of change in primary tumour diameters at the end of NAC compared with baseline.
Surgical outcomes.
Of the 30 patients who received NAC, 29 underwent curative surgery ( Pathological assessment. Three (10.3%) of the 29 patients who underwent resections showed pCR, and 12 (41.4%) exhibited good tumour regression (grade 2/3). One patient's primary tumour disappeared but his LN metastasis remained. Table 4 shows the relationships between clinical stage before chemotherapy and pathological stage. After NAC, the frequency of T downstaging was 69.0% (20/29) and disappearance of LN metastasis was 65.5% (19/29).
Prognosis.
Five-year OS and DFS were 83.3% and 76.7%, respectively (median follow-up time 48 months);
OS and DFS curves are shown in Fig. 2 . Of the 29 patients who underwent R0 resection, 7 patients had relapsed. Lung recurrence was seen in 2 patients, liver recurrence in 1 patient, LN recurrence in 3 patients, and local recurrence in 2 patients (colon: 0, rectum: 2). 
Discussion
Whereas surgery removes obvious tumours, NAC provides the advantage of anticancer drug delivery, to treat distant micrometastases that have not been detected, potentially reducing the risk of recurrence [10] [11] [12] . Use of NAC can also help in estimating response to chemotherapy, and thus in selecting the optimal adjuvant therapy. NAC is used to reduce tumour size and render initially unresectable tumours resectable 13, 14 . This trial evaluated the efficacy and safety of SOX as NAC for patients with clinical node-positive CRC. Because port-free chemotherapy is suitable for perioperative patients, and can avoid complications associated with central venous ports 15 , the SOX regimen was chosen over the FOLFOX regimen. S-1 can lead to less hand-foot syndrome (HFS) than capecitabine 16 and several studies have demonstrated the efficacy of SOX for metastatic CRC 17, 18 , As the AVOID trial demonstrated that adding dexamethasone could help prevent oxaliplatin-induced hypersensitivity reactions 19 , we mixed dexamethasone (6.6 mg) into the oxaliplatin.
However, this is the first report of SOX therapy as a preoperative chemotherapy. Hong et al. had shown that patients treated with SOX had greater overall objective responses than did those treated with CAPOX, and that S-1 was more advantageous than capecitabine in reducing HFS frequency 7 , They also showed clear noninferiority of SOX and CAPOX with respect to progression-free survival. Thrombocytopenia is an important haematological AE of oxaliplatin. However, whereas 22% of patients treated with SOX reportedly suffer grade 3-4 thrombocytopenia 7 , the incidence of grade 3-4 thrombocytopenia in this study is 13.8%-lower than previous studies. This probably reflects our study's drug-withdrawal period for surgery. AE rates in this trial differed from reported rates for CAPEOX as NAC [3] [4] [5] . SOX appears to be especially good for patients in occupations that require manual dexterity because of the low HFS incidence.
In this study, the response rate was 76.6%, and tumour control rate was 96.7%, with 29 patients undergoing curative resections. Two patients showed perioperative complications grade ≥ 3 (Clavien-Dindo classification), but these were not thought to be directly related to NAC. Overall survival and relapse-free survival were 83.3% and 76.7%, respectively (median follow-up time 48 months). These results are not inferior to those of other reported clinical trials [3] [4] [5] [6] . SOX therapy is a better regimen for those who do not want to have a CV port or those suffering from severe HFS.
Preoperative chemoradiotherapy (CRT) combined with total TME has improved local control and sphincter preservation rates in patients with locally advanced rectal cancer 20 . The reported 3-year DFS of CRT for patients with locally advanced rectal cancer is 71.6-75.9% [21] [22] [23] , which is equivalent to the results of the present study. Table 4 . Relationship between clinical stage before chemotherapy and pathological stage. c: clinical assessment data; yp: pathological data after systemic or radiation therapy (either prior to surgery or as a primary treatment). www.nature.com/scientificreports www.nature.com/scientificreports/ However, CRT has been recently shown to increase perioperative complications, such as local infections and anastomotic leakage 6 . Furthermore, irradiated patients may develop later complications of bowel, bladder, and sexual function 24 . However, NAC for CRC also has some potential disadvantages, including the increased possibility of postsurgical complications. Although NAC is theoretically promising, data to support its safety and efficacy is still inadequate.
This trial had some limitations. First, the study cohort was rather small. Second, preoperative staging is not always accurate, which could have led to overtreatment of patients who may not need NAC. To increase dose intensity, we recommend examining results of other SOX studies and setting the administration method for the phase 3 study. Despite these potential limitations, we believe this strategy is promising as NAC for stage III CRC.
Conclusions
This research confirmed the feasibility of NAC using SOX regimen for stage III CRC. However, the results of the phase 3 trial will better indicate whether this regimen reduces local recurrence and distant metastasis rates.
Patients and Methods
This study was a single-arm, open-label, prospective, phase 2 study to evaluate the response rate and safety of NAC with SOX therapy for stage III CRC. The study protocol was approved by the institutional review board of Fukuoka University Hospital (No. 11-056). This study is registered with UMIN-CTR, UMIN000006790 (first registration date: 28/Nov/2011). Informed consent was obtained from all patients prior to study entry. All procedures were performed in accordance with the Declaration of Helsinki.
Eligibility criteria. All patients had pathologically confirmed adenocarcinoma of the colon and rectum without evidence of distant metastasis. The inclusion criteria for this study were stage III CRC (any T and N1-N3). The stage was assessed by colonoscopy, computed tomography (CT), or magnetic resonance imaging (MRI). The definition of LN metastasis was determined by CT or MRI as follows: colon: minimum LN diameter > 10 mm as determined by CT [25] [26] [27] ; rectum: LN > 5 mm in short-axis diameter with an irregular border or mixed signal intensity as determined by MRI 28, 29 . Patients had Eastern Cooperative Oncology Group Performance Status (ECOG-PS) of 0 or 1 and preserved organ function, and had provided written informed consent. Exclusion criteria included distant metastasis or synchronous tumours, history of neurologic or psychiatric disorders, cardiovascular disease, previous history of chemotherapy or pelvic radiotherapy, or another cancer diagnosis within the past 5 years.
Treatment protocol. Patients with stage III CRC received NAC (4 cycles of SOX) before surgery and AC (4 cycles of SOX) after surgery. Four cycles of SOX were administered before surgery, because many clinical trials of CAPOX-based NAC use four cycles of treatment 3, 4, 30 .
Neoadjuvant treatment. The treatment schema is shown in Fig. 3 . In principle, patients received 4 cycles of NAC, consisting of SOX: S-1 (80 mg/m 2 /day) from Days 1 to 14, and oxaliplatin (85 mg/m 2 ) on Day 1, every 3 weeks. To prevent oxaliplatin-induced hypersensitivity reaction, dexamethasone and oxaliplatin were co-injected 19 . Toxicity was assessed according to the National Cancer Institute Common Terminology for Adverse Events, version 4.0. We used the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines to determine objective responses of target lesions.
Surgery. After four cycles of neoadjuvant SOX therapy, tumour resectability was reassessed using CT. Patients for whom surgery was suitable underwent complete mesocolic excisions or total mesorectal excisions (TME) at 4-6 weeks after their last NAC courses. Combined resections were performed when cancer was intraoperatively suspected to have invaded other organs. Selection of an open or laparoscopic approach was at the surgeon's discretion. Postoperative morbidities were assessed according to the Clavien-Dindo classification.
Adjuvant chemotherapy. Patients for whom NAC was effective (i.e., had no progressive disease) and tolerable, and who had R0 resections received postoperative AC with four cycles of SOX. 
